Tunas and their relatives dominate the world's largest ecosystems and sustain some of the most valuable fisheries. The impacts of fishing on these species have been debated intensively over the past decade, giving rise to divergent views on the scale and extent of the impacts of fisheries on pelagic ecosystems. We use all available age-structured stock assessments to evaluate the adult biomass trajectories and exploitation status of 26 populations of tunas and their relatives (17 tunas, 5 mackerels, and 4 Spanish mackerels) from 1954 to 2006. Overall, populations have declined, on average, by 60% over the past half century, but the decline in the total adult biomass is lower (52%), driven by a few abundant populations. The trajectories of individual populations depend on the interaction between life histories, ecology, and fishing pressure. The steepest declines are exhibited by two distinct groups: the largest, longest lived, highest value temperate tunas and the smaller, short-lived mackerels, both with most of their populations being overexploited. The remaining populations, mostly tropical tunas, have been fished down to approximately maximum sustainable yield levels, preventing further expansion of catches in these fisheries. Fishing mortality has increased steadily to the point where around 12.5% of the tunas and their relatives are caught each year globally. Overcapacity of these fisheries is jeopardizing their longterm sustainability. To guarantee higher catches, stabilize profits, and reduce collateral impacts on marine ecosystems requires the rebuilding of overexploited populations and stricter management measures to reduce overcapacity and regulate threatening trade.
Tunas and their relatives dominate the world's largest ecosystems and sustain some of the most valuable fisheries. The impacts of fishing on these species have been debated intensively over the past decade, giving rise to divergent views on the scale and extent of the impacts of fisheries on pelagic ecosystems. We use all available age-structured stock assessments to evaluate the adult biomass trajectories and exploitation status of 26 populations of tunas and their relatives (17 tunas, 5 mackerels, and 4 Spanish mackerels) from 1954 to 2006. Overall, populations have declined, on average, by 60% over the past half century, but the decline in the total adult biomass is lower (52%), driven by a few abundant populations. The trajectories of individual populations depend on the interaction between life histories, ecology, and fishing pressure. The steepest declines are exhibited by two distinct groups: the largest, longest lived, highest value temperate tunas and the smaller, short-lived mackerels, both with most of their populations being overexploited. The remaining populations, mostly tropical tunas, have been fished down to approximately maximum sustainable yield levels, preventing further expansion of catches in these fisheries. Fishing mortality has increased steadily to the point where around 12.5% of the tunas and their relatives are caught each year globally. Overcapacity of these fisheries is jeopardizing their longterm sustainability. To guarantee higher catches, stabilize profits, and reduce collateral impacts on marine ecosystems requires the rebuilding of overexploited populations and stricter management measures to reduce overcapacity and regulate threatening trade.
H umans have long exploited the margins of pelagic ecosystems, but only over the past half century has rapid technological development allowed fisheries to operate regularly beyond the sight of land and exploit vast populations of oceanic fishes that were relatively untouched (1, 2) . Fifty or more years later, the global impact of fishing on pelagic fishes and their ecosystems is only now beginning to be understood (3, 4) . Tunas and their relatives, which include 51 species of tunas, Spanish mackerels, bonitos, and mackerels (collectively known as scombrids), are major components of pelagic ecosystems, being both important predators and forage species that are widely distributed throughout the temperate and tropical epipelagic waters of the world's oceans (Table S1 ). The majority of tunas and their relatives are highly migratory with widespread oceanic and coastal distributions; therefore, their management and conservation are under the jurisdiction of several international management organizations, such as the tuna regional fisheries management organizations (RFMOs) (SI Text, Section 1.3). These predators and forage fishes support some of the largest and most valuable of the world's fisheries, sustaining industrial and artisanal fisheries throughout their ranges, and comprise 12% of global capture fisheries worth US$ 5 billion a year (5, 6) (SI Text, Section 1.2).
Given the ecological, social, and economic importance of tunas and their relatives, one might expect that their status and trajectories would be closely monitored and well understood, particularly in an era of monitoring progress toward global biodiversity targets (7) . However, the scale and extent of the global fishing impacts on these important species are surprisingly uncertain (1, 6, 8) . In 2003, one of the first syntheses brought the plight of ocean predators (mainly tuna species) to the attention of the wider scientific community, concluding that global community biomass of large pelagic fishes had been reduced by around 90% from preindustrial abundance (1) . However, this work relied heavily on an analysis of catch and effort data from only one fishing gear type, resulting in an overestimation of tuna declines (8) (9) (10) . Alternatively, fisheries stock assessments provide a more reliable estimate of population size and trajectory and are regarded as the preferred source of information with which to assess the effects of fishing on fish populations and ecosystems (10) (11) (12) (13) . In light of the problems with catch data, the increasing availability of stock assessments, and increasing public concern for the sustainable long-term management of natural resources, it seems timely to evaluate the global development, trajectory, and sustainability of tuna fisheries and their relatives.
Here, we evaluate the trajectory and exploitation status of 26 populations of tunas and their relatives. First, we quantify the overall impact of fishing on adult biomass globally, including the extent of the impact within major oceans, major taxonomic groups, and species with different life history strategies using two metrics: the average annual rate of change and the total extent of decline. Second, we compare the adult biomass trajectories against the current exploitation status of each population determined by two standard biological reference points: the ratio of the current adult biomass relative to the adult biomass that would provide the maximum sustainable yield (MSY; B/B MSY ) and the ratio of current fishing mortality relative to the fishing mortality rate that maintains MSY (F/F MSY ).
Results
We assembled age-structured stock assessments with >15 y of data for 17 tuna populations (7 species), 5 mackerel populations (2 species), and 4 Spanish mackerel populations (2 species) of the 51 species of scombrids (Fig. 1, Fig. S1 , and Table S2 ). We observe that those mackerel and tuna species with the largest number of stock assessments are the most economically important species, comprising 70% of the global reported catches ( Fig. 2A) . In contrast, the small tunnies, Spanish mackerels, and bonitos, which are mainly tropical coastal species, have a smaller number of stock assessments available. The status of these tropical coastal scombrids is mostly unknown throughout their ranges, despite the importance of their commercial fisheries for many coastal fishing communities in many developed and developing countries around the world (SI Text, Section 2).
Trajectories of Catches and Adult Biomass Across Tunas and Their
Relatives. The annual catches of tuna and their relatives have risen continuously since the 1950s, reaching 9.5 million tonnes in 2008 ( Fig. 2A ). This increase in catches was achieved by halving global tuna biomass in half a century; total adult biomass summed across all monitored populations has declined globally by 52.2% from 1954 to 2006 ( Fig. 2 B and C) . This total extent of decline depends on the inclusion of the most abundant populations, and their contribution to the overall decline can be seen by excluding a single population at a time from the analysis and recalculating the overall trend (jackknifing). The overall extent of decline would have been 8.2% greater (60.4%) were it not for the inclusion of the abundant West Pacific skipjack tuna population. The overall annual rate of decline can be calculated from the yearly (i) changes in biomass (r i,j ) among populations (j), which accounts for temporal autocorrelation and the wide variation in the absolute size of populations (Methods). On average, the annual rate of change in adult biomass was −1.7% y −1 [95% confidence interval (CI): −2.6 to −0.9] across the 26 populations from 1954 to 2006. This global annual rate of change is equivalent to an average decline of 59.9% across all populations within the 52-y period. Moreover, the trajectories in adult biomass of tunas and their relatives vary widely across oceans, taxonomic groups, species, and life history strategies ( Fig. 3 and Fig. S2 ).
The total extent of decline in adult biomass has been greatest in the Indian Ocean, with a 63.6% decline from 1954 to 2006, compared with a 49.6% decline and a 49.2% decline in the Atlantic and Pacific Oceans, respectively (Fig. 3 A-D) . In the Pacific Ocean, the catches of tunas and their relatives are dominated by the abundant West Pacific skipjack tuna adult biomass, which comprises 64% of the total tuna catches in the western Pacific Ocean. After excluding West Pacific skipjack, the extent of decline in adult biomass in the Pacific Ocean is 66.6%. Therefore, the large observed declines in adult biomass suggest substantial impacts of fisheries in all three oceans, despite the different timing in the historical expansion of industrial fisheries. Industrial fisheries, particularly those targeting tuna species, started in the 1950s and 1960s in the Atlantic and Pacific Oceans, whereas they fully developed two decades later in the Indian Ocean. We also observed that the fastest annual rates of decline within the 52-y period occurred in the Indian Ocean (−3.2% y −1 , 95% CI: −4.8 to −1.6) (Fig. 3C and Fig. S2A ), possibly attributable to aggressive and poorly regulated artisanal and industrial fisheries operating in a relatively lightly exploited ocean.
Of the three major taxonomic groups of tunas and their relatives, only the total adult biomass of all Spanish mackerels has recovered, increasing by 38.2% over the past half century (Fig.  3F ). The status of the four Spanish mackerel populations off the southeastern coast of the United States is currently healthy following the implementation of a recovery program after many years of overfishing (14) . Of the other two taxonomic groups, the total adult biomass of all mackerels has declined the most (58.1%), whereas tunas have declined by 49.1% ( Fig. 3 G and L) . However, after excluding the abundant West Pacific skipjack tuna, the total biomass of all tunas has decreased by 62.5% from 1954 to 2006.
The life history and ecology of fishes are intimately linked to their response to exploitation. Larger species tend to be preferentially targeted by fisheries over smaller species and may be intrinsically more sensitive to fishing because of their relatively less productive life histories (15) . However, this ecological pattern can be overwritten by aggressive globalized fisheries (16) . We observed that the total adult biomass of the largest species, bluefins, bigeye, and yellowfin tunas, and the smallest species, mackerels, has declined the most, 62.8% and 58.1%, respectively, since 1954 ( Fig. 3 I-L) . In addition, we only found significant and steep rates of decline in adult biomass in the largest species, −2.4% y −1 (95% CI: −3.5 to −1.4) (Fig. 3J and Fig. S2A ). We hypothesize that the large interannual variability observed in the adult biomass trends of the smallest pelagic coastal species may be hindering the detection of significant declines in their overall annual rates of change (Fig. S3) .
We also find that the biogeography of tuna life histories matters. Temperate tuna populations have declined more steeply, −3.1% y −1 (95% CI: −4.2 to −1.9), than tropical tuna populations, −1.7% y −1 (95% CI: −2.8 to −0.7) (Fig. 3H and Fig.  S2A ). These rates are equivalent to an average decline of 80.2% across all the temperate tuna populations and 59.5% across all the tropical tuna populations. Temperate and tropical tuna species have biogeographically distinct life history strategies: temperate species (bluefins and albacore tunas) are longer lived, reproduce later, and have a shorter breeding season and a geographically more restricted breeding site than the tropical tuna species (yellowfin, skipjack, and, to some extent, bigeye tunas), making them more accessible to fisheries, and therefore overall less productive fisheries (17) .
Link Between the Adult Biomass Trajectories and the Current Exploitation Status. Population and species trajectories depend not only on life histories and ecology but on the level of exploitation. Here, we summarize the current exploitation status for the 21 populations for which we were able to obtain estimates of the two biological reference points, B/B MSY and F/F MSY (Fig. 4A ). We define "overfished" to mean that the biomass of the population has been reduced to a level less than that which would provide the MSY (B < B MSY ) and the term "overfishing" to mean that a population is being subjected to a fishing effort greater than that required to produce the MSY (F > F MSY ), a definition used by the majority of the tuna RFMOs (18) . First, there are a total of 4 overexploited temperate tuna populations that are overfished and are experiencing overfishing: East and West Atlantic bluefin tunas, Southern bluefin tuna, and North Atlantic albacore tuna (Fig. 4A) . Second, there are 12 populations, mostly tropical tunas and Spanish mackerels, currently considered healthy (B > B MSY and F < F MSY ). Finally, there are 5 populations of tunas and mackerels in an intermediate state that either have a biomass below healthy levels or a fishing mortality exceeding healthy levels but not both (B < B MSY or F > F MSY ). Although the current exploitation status of tunas and their relatives can be easily categorized according to their biological reference points, it is important to highlight that the majority of tunas and their relatives, despite their assigned exploitation status, have been fished down to around MSY levels, and are therefore fully exploited ( Fig. 4A and SI Text, Section 4.1). The extent of the declines in adult biomass is consistent with the current exploitation status of the populations; the populations having experienced the largest declines in biomass are either fully exploited or overexploited (Figs. S4 and S5 and SI Text, Section 4.2).
Discussion
The global adult biomass of tunas and their relatives has been halved over the past half century but not without yielding considerable catches, income, and food for the benefit of humanity. However, these population declines cannot continue without compromising yields in the near future: The majority of populations are fully exploited, which limits the further expansion of catches from these fisheries. Currently, fisheries catch around 10-15% of the tunas and their relatives each year globally ( Fig.  4B and SI Text, Section 3.5). The global demand for tunas and their relatives is still increasing (19) , as is the trajectory of fishing mortality (Fig. 4B) .
The largest declines in adult biomass have occurred in two groups of species with distinct life histories, the largest and less productive temperate tunas and the smallest and more productive mackerel species. Mackerels would, a priori, be considered intrinsically resilient to overfishing because of their "fast" life histories, being fast-growing, early-maturing, and short-lived; yet, mackerels exhibit some of the steepest declines. However, it has been shown that within the past 50 y of industrial fisheries, the collapse of small-and fast-growing pelagic species has been more frequent than in larger species (16) . Since fisheries developed in the 1950s, they have preferentially targeted largebiomass, shallow-water species, such as small pelagics (20) . This historical pattern of fisheries development, combined with the increasing global market demand for small pelagic fish as food, fishing bait, fish meal, and oil (21) , has probably contributed to their massive declines. The role of life histories is more apparent in tunas. The less productive temperate tuna species have been affected the most by fishing, exhibiting steeper and larger declines than the more productive tropical tuna species, suggesting that low productivity and slower life histories might be an important factor, together with catchability, accessibility, and market price and demand, in determining the vulnerability of the species to fishing (22) .
The reductions in adult biomass of tuna populations estimated in our global analysis differ from the more pessimistic interpretations of the global status of tuna fisheries described by Myers and Worm (1) . Although the two studies are not strictly comparable, Myers and Worm (1) found a 90% decline, on average, in the catch per unit effort of large pelagic fish species and we found a 59.9% decline, on average, in the adult biomass of tunas and their relatives. Notwithstanding the gross differences, both studies agree on the steep declines of three bluefin populations and one albacore population, which are clearly overfished with current biomasses below B MSY . Instead, our results present a wide range of trajectories across tuna populations, which are more consistent with the findings of a study by Sibert et al. (3) , which reports declines ranging from 11-88% from baseline adult biomass across the Pacific tuna populations. Moreover, our findings are consistent with those of a recent evaluation of the global conservation status of scombrid species carried out by the International Union for Conservation of Nature (IUCN), which showed that 68% (35 of 61 species) of scombrids are not considered to be threatened with extinction but that a few (5 species) have declined sufficiently to trigger listing under the IUCN Red List Threatened categories, notably the Southern and Atlantic bluefin tunas (22) . We caution that our estimates of total and average declines in adult biomass are almost certainly an underestimate, because fishing began long before the start of many of the time series summarized here. Stock assessments often begin years after the start of a fishery and may even be triggered by declining catches, as, for example, in the case of the Atlantic bluefin tuna, which was essentially fished out in the South Atlantic in the 1960s before formal assessment (23) . Finally, we also show that, globally, the majority of the tunas have been already fished down to near MSY-related levels (Fig. S6) . From a fisheries management perspective, MSY is usually obtained when the biomass of a population has been reduced by 60-70% (24) . Nonetheless, from a conservation perspective, the 52.2% global decline in total adult biomass and the average population declines of 59.9% across tunas and their relatives increase the probability of ecological and economic extinctions of target populations, with considerable biodiversity consequences for bycatch species (22) . In addition, the magnitude of these declines creates concerns about the potential unknown ecosystem effects of removing large amounts of biomass from the pelagic food webs (25) .
MSY is the explicit or de facto target yield level for most tuna RFMOs (18) . Given that 4 of the 26 populations are substantially below B MSY (Fig. 4A ) and the others are all at target levels larger than 0.9B MSY , most fisheries managers would consider these to be extremely well managed (with the exception of the 3 bluefin and 1 albacore populations). However, there is little room for complacency. We highlight three issues to be tackled with urgency to reduce the risk of tropical tunas and other scombrid populations deteriorating in the same way as the bluefin tunas and to minimize the considerable collateral damage and biodiversity consequences of these fisheries. First, tuna productivity is apparently declining; the current estimates of MSY for some tuna populations are lower than in the past, partly a result of the increased mortality of immature tunas in the past two decades from purse seine fisheries, which has consequently decreased the maximum potential yield of the fisheries (19) . Second, their high value and global demand, and the rising fishing capacity and mortality (18, 24) (Fig. 4B) , are exacerbating the pressure on populations that are already fully exploited or, in some cases, overexploited. Management of tuna populations under the single-species approach appears to be largely successful for the less valuable tropical species but has not been effective for high-value bluefin tunas driven by the scale of international demand for and trade of high-valued tunas. In those cases, additional measures seem to be required. Here, we have a case where trade is overwhelming the, normally effective, scale of fisheries management.
Hence, there appears to be a role for conservation tools, such as the Convention on International Trade in Endangered Species (CITES), to work alongside the existing management framework to ensure the recovery and future sustainable fishing of the most exploited populations. Third, exploitation of productive species, such as tunas, at MSY is driving steep population declines and elevating the risk of extinction of some unmanaged and less productive bycatch species. Tuna fisheries are directly responsible for endangering a wide range of oceanic pelagic sharks, billfishes, seabirds, and turtles (26, 27) .
Many of these issues could be alleviated if fisheries management organizations treated MSY as an upper limit rather than a target reference point in their management objectives, a longstanding recommendation of several international United Nations Food and Agricultural Organization agreements and guidelines over the past 15 y (28). Most tuna RFMOs have vague management objectives and have not adopted or implemented specific targets and limits (29, 30) . We recommend the development of well-defined management strategies involving harvest control rules and the associated decision rules that can keep the fishery within defined limits. These would potentially facilitate the crea- Table S1 . Abbreviations for population names: G.O.M., Gulf of Mexico; N., north; N.E., northeast; W., west.
tion of well-defined and specific targets and limits for each population (and therefore management objectives), improving the decision-making process and speeding the implementation of appropriate management measures (29) (30) (31) . The use of upper limits and lower targets would improve profitability and reduce the impacts on ocean biodiversity (13) .
The long-term sustainability of tunas and their relatives can only come from stricter management measures to treat MSYrelated levels as a limit rather than a target management objective, to reduce the overall fishing capacity, and to rebuild overexploited populations, as well as further implementing regulations to minimize the collateral impacts of these fisheries on marine ecosystems.
Methods
Data. We compiled age-structured stock assessments with more than 15 y of data for 26 populations and 11 species of tunas and their relatives from a total of 51 species of scombrids (Table S2 and SI Text, Section 2). We extracted the trajectories of the adult biomass; fishing mortality; and standard biological reference points, B/B MSY and F/F MSY , if available from the assessments. We use the term "population" instead of "stock."
Statistical Analysis. We used two metrics to quantify fishing impacts on the population trajectories of adult biomass. First, we estimated the average annual rate of change across all the populations and its equivalent average percent decline over time globally, within oceans (Atlantic, Pacific, and Indian Oceans), within the main taxonomic groups (tunas, mackerels, and Spanish mackerels), within species, and within groups with different life history strategies. Second, we estimated the overall extent of decline in total adult biomass summed across all the populations over time within the same spatial and taxonomic levels. Although the overall extent of decline is an indicator of ecosystem removals, it might be sensitive to the populations with the largest abundances, which we tested with a jackknife analysis. On the other hand, the estimated average annual rates of change and the equivalent average percent declines are not influenced by the few most abundant populations and can be used to address how well management is working.
Fishing impacts were quantified from 1954 to 2006 to maximize the coverage of data (Fig. 1B) . The majority of the industrial tuna fisheries began in this period, typically in the 1950s and 1960s. However, it should be acknowledged that there were already fisheries targeting tuna species and their relatives before the 1950s, for centuries in some cases, such as in the case of the Atlantic bluefin tuna in the Mediterranean or skipjack in the Pacific Islands (6); therefore, our analysis does not account for these earlier effects of exploitation. In our analyses, for those time series starting after 1954, we assumed that from 1954 to the first year with data, there have been no major fisheries targeting the populations, and the adult biomass has therefore not changed over time. We retrospectively extended the adult biomass time series to 1954 using the mean of the first 3 y of data and truncated time series that began before 1954. For those time series finishing before 2006, we also extended them forward to 2006, assuming that the most recent estimate, an average of the past 3 y, is projected forward to the future. This imputation approach is conservative in the sense that it is more likely to underestimate the rate and extent of decline (Section 3.1). The maximum observed body sizes of the species were used as a proxy to group species into different life histories because they correlate with other life history traits as well as with intrinsic sensitivity to fishing (32). Populations with a maximum body size (measured as fork length) larger than 2 m were categorized as large, those with a maximum body size between 1 and 2 m as medium, and those with a maximum body size smaller than 1 m as small (Table S1 ).
We used mixed-effect models to perform a metaanalysis of population trends in adult biomass to estimate annual rates of change within the several spatial and taxonomic levels and within populations with similar life histories. We also tested if the average annual rate of change in adult biomass across all the populations (global estimate) was accelerating or decelerating over time (SI Text, Section 3.2). Most of the time series of adult biomass showed nonlinearity and autocorrelation over time; therefore, we converted the raw time series of adult biomass of each population to annual rates of change (r i ), r i = ln (AB i + 1 /AB i ), where AB i is the adult biomass in year i (Fig. S7 ). Such differencing or taking the ratios in log-space is a common method of removing temporal autocorrelation from a time series (33) . The annual rate of change in adult biomass, r i , was the dependent variable in the analyses of adult biomass trends. We used the following full mixed-effect model and several submodels of the full model, depending on the objective of the analysis to estimate the overall annual rates of change in adult biomass:
Level 1 is a linear regression model in which the intercepts and the slopes are allowed to vary by group (here, populations), where j indexes the populations modeled as random effects and i indexes the years. Level 2 describes the variability of the relationship between the dependent variable y (here, the annual rates of change in adult biomass) and the covariate variable X (here, years) among all the populations j. Level 2 has one categorical predictor variable, W, which can be any of the categorical variables grouping populations geographically or taxonomically (e.g., oceans, taxonomic groups). The β's and the γ's are the fixed effects coefficients, and the δ's and ε's are the random effects coefficients. We assume the random effects (δ) are normally distributed with the given variance-covariance matrix, and we assume that the residual errors (ε) follow an ε t ∼ N(0, σ ε 2 ). In addition, we estimated the average of the annual rates of change in adult biomass across all the years for each population (SI Text, Section 3.3). We used restricted maximum likelihood to fit all the mixed models utilizing the lme function in the NLME package in R (34) . We examined the residuals of all the models and corrected for temporal autocorrelation with AR1 and AR2 processes when necessary. In addition, we allowed each population to have a different variance. The Akaike Information Criterion was used to determine the autocorrelation process and the variance structure most suitable for the time series under investigation. We show the model validation plots of one analysis, although all the analyses had similar validation plots (Fig. S8 ). The significance of the fixed terms of the models was assessed by computing the CIs for each fixed effect and then considering them significant if the 95% CIs did not include zero.
To calculate the overall extent of decline in total adult biomass summed across all the populations over time within the several spatial and taxonomic levels, we first summed the values of adult biomass across all the populations for the years 1954 and 2006 using the mean of the first and last 3 y of data. We then estimated the total percent change in adult biomass between 1954 and 2006 globally across all the populations, within each ocean, within each taxonomic group, within species, and within populations with similar life histories. In addition, we estimated the extent of decline for each individual population (SI Text, Section 3.3).
ACKNOWLEDGMENTS. We are grateful to Trevor Branch and two anonymous reviewers for their constructive comments. We are very grateful to many scientists and national and international organizations for providing access to stock assessment fisheries data to carry out this work. The Scombridae family comprises 51 epipelagic species, commonly known as tunas, bonitos, Spanish mackerels (also known as seerfishes), and mackerels, which are distributed throughout tropical and temperate oceans. The currently accepted classification of the family Scombridae is largely based on morphological studies, and it is composed of two subfamilies, four tribes, 15 genera, and 51 species (Table S1 ). Fifty of these species belong to the subfamily Scombrinae, which is divided into four tribes Thunnini (tunas), Sardini (bonitos), Scomberomorini (Spanish mackerels), and Scombrini (mackerels) (1). The butterfly kingfish (Gasterochisma melampus) comprises a monotypic subfamily Gasterochismatinae.
1.2. Fisheries. Scombrid species have long been targeted mainly by artisanal fishing communities throughout the world, and until the 1940s, most of the fishing occurred in coastal areas. The main industrialized fisheries for scombrids started between the 1940s and 1960s, particularly targeting the tuna and mackerel species. These fisheries expanded rapidly, operating nowadays in most latitudes of all oceans. The annual catches of scombrids have grown continuously, rising from 1.1 million tonnes (mt) in 1950 to 9.5 mt in 2008 ( Fig. 2A) . The tunas (tribe Thunnini) includes the most economically important group of species, known as the principal market tunas, which are albacore (Thunnus alalunga), bigeye tuna (Thunnus obesus), Atlantic bluefin tuna (Thunnus thynnus), Pacific bluefin tuna (Thunnus orientalis), Southern bluefin tuna (Thunnus maccoyii), yellowfin tuna (Thunnus albacares), and skipjack tuna (Katsuwonus pelamis). The principal market tunas are oceanic and highly migratory, and they are among the largest and fastest top predators of the high seas. They are the most economically important species because of their predominance in the global fish exports and their intensive international trade for canning and sashimi (2) . The catches of principal market tunas have increased continuously from less than 0.2 mt in the 1950s to over 4.2 mt in 2008 ( Fig. 2A) . Skipjack and yellowfin tunas account for the greatest proportion of the principal market tuna world catches in terms of yield (3.5 mt in the year 2008), and most of these catches are directed to the canning industry (3). Atlantic, Pacific, and Southern bluefin tunas contribute little in terms of total catches in weight but are very important in terms of their individual economic value. The principal fishing methods used by the industrial fleets are purse seine, longline, bait boat (or pole and line), and trolling. Each type of gear is designed to target different species at different depths. Purse seine and bait boat are used to catch fish close to the surface, for example, skipjack tuna or juveniles of yellowfin, albacore, and bluefin tunas. The longline fisheries usually target the largest and oldest individuals found at greater depths, for example, adult bigeye, yellowfin, and bluefin tunas. In the recreational sector, the principal fishing methods used involve mostly surface trolling and bait-boat fishing, whereas the artisanal fisheries use a great variety of methods, such us gillnets, beach seines, bait boat, handlines, harpoons, and traps. In the tropical tuna fisheries, the catch by purse seiners using floating platforms to attract schools of tuna, called fish aggregating devices (FADs), has increased gradually since the 1990s, resulting in an increase in the mortality of immature tunas globally. Although purse seiners using FADs mainly target skipjack tuna, they do not discriminate among tropical tuna species, causing an increase in the mortality of immature yellowfin and bigeye tunas (4). In the temperate tuna fisheries, the purse seiners have also been increasingly catching juveniles of Atlantic, Pacific, and Southern bluefin tunas to fulfill the demand of the tuna farming industry, where tuna are fattened before being sold in the global markets (5-7). At present, there are more than 80 nations with tuna fisheries, and in the Indian and Pacific Oceans, tuna fisheries are still growing in many coastal developing countries (8) .
Spanish mackerels, bonitos, and mackerels are species with low economic value relative to the principal market tuna species and are targeted largely by small-scale industrial and artisanal fisheries throughout their ranges. The small tunny species (tribe Thunnini other than the principal market tunas), Spanish mackerels (tribe Scomberomorini), mackerels (tribe Scombrini), and bonitos (tribe Sardini) are generally smaller coastal species associated with continental shelves. They are important forage fish that mediate the flow of energy from primary producers to top predators (9) . The catches of scombrids other than the principal market tunas have also increased significantly since the early 1950s. In the year 2008, around 5.2 mt of mackerels, Spanish mackerels, bonitos, and small tunas were caught worldwide ( Fig. 2A) . The most important species of scombrids other than the principal market tunas in terms of weight are as follows: chub mackerel, Scomber japonicus (∼2 mt); Atlantic mackerel, Scomber scombrus (∼600,000 tonnes); Spanish mackerels, not specified (∼500,000 tonnes); short mackerel, Rastrelliger brachysoma (∼310,000 tonnes); Indian mackerel, not specified (∼300,000 tonnes); kawakawa, Euthynnus affinis (∼280,000 tonnes); Indian mackerel, Rastrelliger kanagurta (∼280,000 tonnes); longtail tuna, Thunnus tonggol (∼277,000 tonnes); frigate and bullet tunas, Auxis thazard and Auxis rochei, respectively (∼230,000 tonnes); and narrow-barred Spanish mackerel, Scomberomorus commerson (∼220,000 tonnes) (10) . These catches are possibly underreported in all the taxonomic groups (11), particularly even more so for the small tunnies, bonitos, and Spanish mackerels.
1.3. Fisheries Management. Several and diverse international and intergovernmental organizations have been created to manage scombrid species because of their highly migratory nature, their widespread oceanic and coastal distributions, and their economic importance for many countries. There are currently five Regional Fisheries Management Organizations (RFMOs) whose mandates include the management and conservation of tuna and tuna-like species in their areas of jurisdiction. The term "tuna and tuna-like" species includes the tunas (tribe Thunnini, which comprise the principal market tunas and the small tunny species), the bonitos (tribe Sardini), the Spanish mackerels (tribe Scomberomorini), and the billfishes, which all belong to the suborder Scombroidei (12) . Therefore, all the species of the family Scombridae, except the mackerels (tribe Scombrini), are considered tuna and tuna-like species. The five RFMOs, also known as tuna commissions, are the International Commission for the Conservation of Atlantic Tunas (ICCAT), the Indian Ocean Tuna Commission (IOTC), the InterAmerican Tropical Tuna Commission, the Western and Central Pacific Fishery Commission (WCPFC), and the Commission for the Conservation of Southern Bluefin Tuna (CCSBT). The CCSBT is the only tuna RFMO that is in charge of only a single tuna species (the Southern bluefin tuna). In addition, the International Scientific Committee for tuna and tuna-like species in the North Pacific Ocean conducts fisheries research on tuna and tuna-like species in the North Pacific Ocean and cooperates with other tuna RMFOs in the region. Thus, the tuna commissions are mandated to manage and conserve not only the principal market tuna species but smaller tunny species, bonitos, and Spanish mackerels that are harvested within their jurisdiction. Commonly, the tuna commissions concentrate most of their effort, resources, and personnel into managing the principal market tuna species and billfishes, giving less priority to the rest of species. Although the ICCAT and IOTC have working groups on the small tuna species, the lack of fisheries data and insufficient biological knowledge generally paralyze any attempt to carry out stock assessment evaluations (12, 13) .
There are some exceptions in the use of the terms tuna and tunalike species by the tuna RFMOs. The mandate of the WCPFC is such that it is the only commission to use the term "highly migratory fish stocks" instead of the term "tuna and tuna-like" species. The highly migratory fish stocks term refers to the species listed in Appendix I in Article 64 of the United Nations Convention of the Law of the Sea (UNCLOS). This term includes some of the scombrid species (the principal market tunas, blackfin tuna, Thunnus atlanticus; bullet tuna, A. rochei; frigate tuna, A. thazard; little tunny, Euthynnus alletteratus; and kawakawa, E. affinis), billfishes, dolphinfishes, oceanic sharks, and sauries. The WCPFC is mandated to manage and conserve all species of highly migratory fish stocks within the convention area, except sauries. Thus, the term highly migratory fish stocks does not include the bonitos, Spanish mackerels, and some of the small tunnies (black skipjack, Euthynnus lineatus; longtail tuna, T. tonggol; and slender tuna, Allothunnus fallai) that probably constitute "straddling stocks" under the UNCLOS. Finally, all the tuna RFMOs recognize the obligation to manage and conserve the harvested species but also to conserve the associated and dependent species that are taken incidentally during the tuna fishing activities (4). Small tunny species, Spanish mackerels, and bonitos are commonly discarded by longliners and purse seine tuna fisheries (14) . Finally, we would like to point out that there are other intergovernmental fisheries organizations, such as the Caribbean Regional Fisheries Mechanism, which have defined strategic objectives and management plans and have recently started to evaluate the status of some coastal scombrid species in the Caribbean Sea.
Mackerel species are not under the mandate of any of the tuna RMFOs. The fisheries of mackerels are more localized. Often, their distributions occur either in regions where the continental shelf extends beyond the exclusive economic zone (EEZ) limit or in coastal regions where the productivity is very high (upwelling regions), which extends their distributions into the high seas; therefore, the mackerels are considered straddling stocks (and not highly migratory fish stocks). Straddling stocks under Article 63 of the UNCLOS, are "the same stock or stocks of associated species [which] occur both within the exclusive economic zone and in an area beyond and adjacent to the zone" (13) . Therefore, neighboring coastal states and fishing entities should coordinate the management and conservation of these stocks, and intergovernmental regional organizations are usually set up for this purpose. Although there are some intergovernmental regional organizations in charge of evaluating the stock status of mackerels (e.g., the International Council for the Exploration of the Sea, which provides scientific advice for the Northeast Atlantic mackerel stock), most of the time, the mackerel species are evaluated separately by each individual country (e.g., Japan, China). A combination of insufficient information with which to delimit population distributions clearly and the lack of institutional arrangements among neighboring countries to manage resources jointly leads individual states to carry out independent fisheries research for their fish populations in the best case scenarios.
2. Stock Assessment Data 2.1. Data Sources and Data Selection. We conducted a global literature search to locate the most important commercial fisheries for scombrid species, with the primary aim of identifying (i) which populations could potentially be under scientific review or management plans, possibly supported with stock assessments, and (ii) which institutions were in charge of their evaluation, management, and conservation. Next, to compile the most updated stocks assessments and their respective reports, we contacted many institutions worldwide, from international to intergovernmental, as well as national fisheries institutions and individual scientists, which were in charge of the evaluations of any scombrid species. There are several stock assessment modeling approaches varying in complexity and data requirements, ranging from simple surplus production models to sophisticated statistical catch-at-age models. Because we were interested in gathering population estimates of abundance at age, biomass at age, and fishing mortality rates at age from the assessments, we limited our data collation to only those stock assessments that used agestructured models, either of the virtual population analysis family (e.g., independent catch analysis, used for Northeast Atlantic mackerel) or statistical catch at age family (e.g., multifan-CL applied to various tuna stocks). The standard biological reference ratios, the current adult biomass relative to which would provide the MSY (B/B MSY ) and current fishing mortality relative to the fishing mortality rate, which maintains MSY (F/F MSY ), were also extracted from the stock assessments when available.
The data collection yielded stock assessments varying in quality, methodology used, temporal coverage, and data availability. We did not include in our analysis stock assessments that (i) were considered unreliable by the scientist undertaking them, (ii) were outdated (before 2000), (iii) were not carried out with age-structured stock assessment models like biomass dynamic models, or (iv) provided estimates of population biomass for a time period shorter than 15 y.
Uncertainties and Caveats of Stock Assessments.
Although data obtained from stock assessments are generally regarded as the preferred source of information with which to assess the effects of fishing on fish populations and ecosystems (15) (16) (17) (18) , there are many sources of uncertainty surrounding the stock assessment models, which might create some unknown bias in the data outputs. The uncertainties surrounding stock assessments may arise by a combination of several factors, such as the variety of data sources used, the numerous inputs needed, or the limited knowledge about the dynamics of the population, all of which are very complex to quantify. All this uncertainty is commonly characterized in observation errors and model errors, with both leading to estimation errors in the results of the stock assessments (19) . Observation error may arise because of measurement errors (e.g., in the weight and length of the catches) or sampling errors (e.g., in the surveys). Model error may occur because of the lack of knowledge of the biology of fish or the inability of the models to model all the processes that affect the dynamics of a fish stock. Many of these uncertainties can be identified and quantified in the stock assessment evaluations using several types of models and their respective sensitivity analyses to test different hypothesis and model assumptions. Therefore, in any stock assessment evaluation, it is very common to find the results of several models with their respective sensitivity analyses, all of which attempt to characterize the status of a population and the associated uncertainty. During the data compilation of this study, when several stock assessment models and several variations of the models (sensitivity runs) were available for one population, we used the base-case model specified in the stock assessment report to extract the estimates of biomass and fishing mortality over time or as advised by the stock assessment scientist. In our analysis, we did not take into account the uncertainties associated with the estimates of biomass, fishing mortality rates, and biological reference points extracted from the stock assessments. We merely summarize the consensus choices of the stock assessment teams as to the best parameter settings. Nonetheless, we acknowledge that the un-certainties in model outputs may be creating some unknown biases in our results. We therefore highlight the importance of consulting the original assessment reports when seeking information on the uncertainties surrounding the status of the individual stocks.
We also attempted to compile the most recent available stock assessments for scombrid populations around the world. However, we are aware that some populations have been reevaluated throughout the development of the present work. In the case of the biological reference points, we extracted them from the most recent stock assessments up to February 2011 to present the most updated exploitation status of tunas and their relatives (Table S2) . We definitely encourage future studies to update this work every few years, including the most updated information possible, to reassess the global status of scombrids. Perhaps the consortium of tuna RFMOs under the Kobe agreement could be responsible for continuously updating this type of analysis for the species under their mandate.
Description of Stock Assessment Data and Identification of Data
Gaps. After the data screening, we ended up with stock assessments for 26 populations (11 species) of scombrids, composed of the following: 17 principal market tunas (7 species), five mackerels (2 species), and four Spanish mackerels (2 species) of a total of 51 species of scombrids that we included in our analysis (Table S2) . By geographic regions, we were able to obtain information for 11 populations in the Atlantic Ocean, 12 populations in the Pacific Ocean, 2 populations in the Indian Ocean, and 1 population in the Southern Ocean (Fig. 1) . The small number of exploited species evaluated with age-structure stock assessments in the Indian Ocean stands out because 34 species of scombrids are found in the Indo-Pacific region and 23 of those are endemic to the region. Next, we summarize the data availability and accessibility by taxonomic group.
Among the four major taxonomic groups of scombrids, the tunas (tribe Thunnini), particularly the principal market tunas, have been largely assessed and their status is generally known. There are 23 populations of principal market tunas (7 species) managed by the five tuna RFMOs. Seventeen of the 23 populations are currently evaluated with age-structure stock assessment models (Table S2 ). The rest of the stocks (i) are evaluated with surplus production models (Indian Ocean albacore tuna and East and West Atlantic skipjack tuna stocks), (ii) are evaluated based on several indicators of stock status because of the difficulties of developing proper stock assessment models for these populations (Indian Ocean and East Pacific skipjack tuna stocks), or (iii) have not been evaluated yet (Mediterranean albacore tuna population, although its assessment is planned for the year 2011).
We are not aware of any formal quantitative stock assessment evaluations using age-structured models for any of the rest of the tuna species. In general terms, the status of the small tunny species is poorly known around the world. The fisheries targeting small tunny species usually involve mostly developing countries, which have limited resources for research, monitoring, and management capacity (13) . However, we would like to highlight recent efforts to evaluate the status of several coastal scombrids with simpler stock assessment models. First, the blackfin tuna stock distributed off the coast of Brazil has recently been evaluated (20) . Second, the longtail tuna stock distributed off the northern coast of Australia has also been evaluated (21) . Third, the United Nations Food and Agricultural Organization has recently carried out two workshops to review fisheries data and to update and carry out stock assessments for fish resources in the South and Southeast Asia regions. During these workshops, many coastal small tunny species (e.g., Auxis sp. and Euthynnnus sp.), tropical mackerel species (Rastrelliger sp.), and tropical Spanish mackerels (Scomberomorus sp.) were evaluated using several stock assessment methods specific for data-poor stocks (22, 23) .
The mackerels (tribe Scombrini) include the temperate mackerels (Scomber sp.) that are usually evaluated with formal quantitative stock assessments, whose status is generally known, and the tropical mackerels (Rastrelliger sp.) that are either not evaluated or evaluated with simple stock assessments methods; therefore, their status is generally unknown or highly uncertain. The temperate mackerel species sustain one of the largest commercial fisheries worldwide, particularly the chub mackerel, which is among the 10 most fished species in the world (3). Consequently, some temperate mackerel populations have been relatively well monitored and evaluated by national and intergovernmental fisheries organizations. We were able to obtain reliable agestructure stock assessments for five mackerel populations (Table  S2 ). In addition to the mackerel populations included in our analysis, it is worth mentioning other temperate mackerel populations that are currently being managed with age-structured stock assessments but, for several reasons, were not included in our analysis. First, we did not include in the analysis two blue mackerel populations (Scomber australasicus) distributed along the coastal waters of Japan (Japanese blue mackerel and Tsushima Current blue mackerel) because the population assessment evaluation covered less than 15 y of data (24, 25) . Second, we did not include the Northwest Atlantic mackerel population (Scomber scombrus) distributed along the eastern coast of the United States and Canada. In the recent past, the US and Canadian governments have evaluated this population separately (26, 27) . However, the population is currently being assessed as a larger geographic unit in a joint assessment between the US and Canadian governments. The joint stock assessment report only became available after this paper was written (28) . Finally, we are not aware of any formal quantitative stock assessment evaluations for any of the tropical mackerel species (Rastrelliger sp.) in the Indian Ocean. However, the data availability and status of some mackerel fisheries have recently been evaluated with simple stock assessment methods in several countries in the Southeast Asia region (22, 23) .
The Spanish mackerels (tribe Scomberomorini) have the largest number of species (18 species), and with some notable exceptions, the status of the large majority of the species is very uncertain or little known. For our analysis, we were only able to collect reliable quantitative stock assessments for four Scomberomorus populations (2 species) that sustain important fisheries on the southeastern coast of the United States (29, 30) . This is worrying, given the importance of the Spanish mackerel fisheries worldwide, especially in the Indo-West Pacific region, where 11 of the 18 species are found and sustain important fisheries throughout their distributions (31). Although we were not able to obtain reliable and complete formal quantitative stock assessment evaluation for four Scomberomorus populations, it is worth mentioning several cases in which Spanish mackerel species have been evaluated in the past or are currently being evaluated at least in some regions throughout their distributions. First, there are several populations of the narrowbarred Spanish mackerel (S. commerson) and spotted mackerel (Scomberomorus munroi), the most important commercial Spanish mackerel species in Australia, that are currently being assessed with age-structure stock assessment models (32) (33) (34) (35) . However, these populations were not included in our analysis because they did not provide the type of data needed for our analysis or the time coverage of the assessment data was too short or not available to us. Second, there are several species of Spanish mackerels (S. commerson, Scomberomorus niphonius, and Scomberomorus brasiliensis) whose stocks have been evaluated in the past with simple stock assessment methods, for example, in Thailand (36), the Southeast Asia region (22, 23) , India (37, 38), Oman (39, 40) , the southern Arabian Gulf (41), Djibouti (42), Japan (43) , and Brazil (44) . However, we did not use these stock assessment evaluations because (i) they were very outdated (before 2000), (ii) the results were highly uncertain, (iii) they were not evaluated with age-structure models, or (iv) they were inaccessible. The development of age-based stock assessment models would particularly benefit and ease the management of Spanish mackerels because many of the species can reach relatively large sizes and are relatively long-lived compared with other scombrid species, such as the tropical mackerels and the small tunny species.
Lastly, the status of the bonitos (tribe Sardini), composed of seven coastal species, is unknown throughout the world. We are not aware of any stock status evaluations of any type for any of the bonito species distributed around the world.
Based on our global literature search and findings, we can conclude that accurate and reliable formal quantitative stock assessment evaluations and fisheries advice are unknown or highly uncertain for most of the scombrid species, with the notable exception of the principal market tunas and some temperate mackerel species. We are aware that the coverage of this study, in terms of the number of commercially important populations identified and number of stock assessments obtained, is not exhaustive. However, to our knowledge, we identified and compiled the majority of formal quantitative age-structured assessments expanding at least 15 y of data available worldwide for scombrid populations. Nevertheless, the compilation is evolving and new assessments will be incorporated into the dataset for future analysis. We welcome institutions and individual scientists wishing to contact us and share information about the status of scombrid species not covered by this study.
Major Conclusions on Stock Assessment Data Compilation and
Recommendations. We summarize the global status and biomass trajectories of 26 populations (11 species) of scombrids using population estimates from age-structured models prepared by stock assessment scientists. By limiting the data to age-structured models, we could evaluate the effects of fishing on the adult biomass of scombrid populations over time but at the cost of being able to include only the most important commercial species of scombrids. Thus, some of the taxonomic groups, the Spanish mackerels and the bonitos, and many regions are clearly underrepresented in the analysis. However, the 26 populations of scombrids included in this analysis expanded the number and coverage of scombrids previously accounted for in past studies (16, 18, 45) .
The 26 populations of 11 species of scombrids evaluated with formal quantitative age-structure stock assessments collated in this study seems small, given the fact that scombrid species sustain some the largest fisheries in the world. All the species of scombrids, except slender tuna (Allothunnus fallai), plain bonito (Orcynopsis unicolor), and butterfly kingfish (Gasterochisma melampus), are targeted by industrial and/or small-scale fisheries throughout their ranges. The disparity between the existing number of populations being exploited and those that could be included in this analysis can be attributed to two reasons. First, there are a large number of scombrid populations for which virtually no data are available and for which no scientific advice or analysis of their status is currently being carried out. Second, some of these data are not openly available and some of them are simply not open to scrutiny and analysis in the case of both fisheries data and assessment results.
It appears that the current structure of tuna RFMOs might not be appropriate or might be lacking in capacity to provide quantitative scientific advice for many small tunas, bonitos, and Spanish mackerels, and some of them might not even be under the remit of any international organization despite populations that usually stretch across national boundaries. The widespread perception that small tuna fisheries are irrelevant in terms of catches or revenues has been reversed in the Mediterranean and Black Seas (46) , as is probably the case for many other regions of the world. Coastal scombrids, although low in economic value for the global markets, sustain and feed many of the coastal fishing economies in many developed and developing countries around the world. Therefore, a review of existing frameworks and their suitability for the needs of some species might be needed to identify gaps in the mandates of existing management bodies, identify opportunities for further collaboration across states and fisheries organizations, and promote international efforts to quantify better the status and outlook for more coastal scombrids other than the principal market tuna species. We highlight the present collaborations between the ICCAT and the Caribbean Regional Fisheries Mechanism and between the ICCAT and the General Fisheries Commission for the Mediterranean to improve the knowledge on the sustainable exploitation of small scombrid fisheries.
An issue of open access is also of relevance here. Stock assessments or catch statistics could not be obtained for some stock assessments for which they are known to exist. Contacts with the relevant scientific or management bodies proved unsuccessful. One of the major impediments to global analysis is that there are no global repositories of fisheries data under common formats and containing the multiple sources of information related to fishing (e.g., catch statistics, stock assessment inputs and outputs, economic data) as is the case for many biological and physical oceanographic datasets (e.g., World Ocean Database). The creation of global fisheries repositories has been proposed many times (e.g., 47), with no immediate measurable results; however, there are some recent ongoing initiatives to compile all fish stock assessments globally (16, 18) . In addition, the five tuna RFMOs have started a dialogue to create common initiatives to organize and standardize several types of fisheries data from all the tuna commissions into common formats to facilitate the accessibility of data to all the stakeholders and exchange of knowledge (48) . These types of initiatives and others should be pursued in the short term. Large, global, unbiased fisheries datasets would definitely benefit and motivate more analyses needed to evaluate the global status of marine fish resources and quantify impacts of fishing on marine species and ecosystems.
3. Statistical Analysis 3.1. Data Assumptions. We quantified fishing impacts on adult biomass from 1954 to 2006 because the majority of the data available started after the 1950s and finished in 2006 (Fig. 1B) . However, an approach was needed to estimate the adult biomass for those populations for which biomass started after 1954 and/ or finished before 2006. For those time series starting after 1954, we extended the adult biomass backward using the mean of the first 3 y of data. Thus, we assumed that from 1954 to the first year with data, there have been no major fisheries targeting these populations; therefore, the adult biomass has not changed over time. This is a conservative approach in which we are likely underestimating some of the impacts of fishing, because fishing began long before the start of many of the time series summarized here. The first year in a stock assessment does not usually correspond with the start of the fishery; thus, stock assessments may often not capture past declines well.
For those time series finishing before 2006, we extended them forward to 2006 using two different approaches. For most populations, we only needed to extend them for a few years, 1 or 2 y in the majority of cases. In the first approach, we used an average of the past 3 y to project the biomass forward up to 2006, therefore assuming no change in biomass. In the second approach, we used the model-estimated average annual rate of change of each individual population to project the adult biomass forward; therefore, assuming biomass of the past few years follows a trend based on past data. Both assumptions are plausible because recent fishing mortality for the majority of the populations has not been reduced over the past few years. In addition, by projecting forward using the average rate of change of each population, we are also assuming that the statistical properties, such as the mean and variance of the rate of change, do not themselves change over time, which might not be the case in some of the time series. Therefore, this second approach might have created some bias in the estimated declines, although such bias would be small, because we are projecting forward only for a few years into the future. This assumption would not have been appropriate for medium-and long-term projections but seems reasonable enough in this case. We obtained very similar results using both approaches; therefore, our results are robust to the choice of method.
Estimation of the Average Annual Rate of Change in Adult
Biomass Across All Populations over Time. We tested if the average annual rate of change in adult biomass across all of the populations (global estimate) was accelerating or decelerating over time using a submodel of the full mixed model (full model shown in the main text). The submodel consisted of keeping the covariate X (year) and eliminating the covariate W from the full mixed model. By keeping the covariate X (year) in the model, we are interested in the overall global trend and could test if the covariate year is significantly different from zero. A slope significantly different from zero indicates that the average annual rate of change in biomass has been changing over time, either accelerating and becoming more negative (negative rate) or accelerating and becoming more positive (positive trend) over time. Our data suggest that the global rate has been constant over time (γ 10 = −0.00027, P = 0.19); therefore, it has neither decreased nor increased across all the populations. At present, the majority of populations have been fished roughly around MSY levels (Fig. 4A) ; therefore, the majority of the populations are currently fully exploited. We would expect in the near future to see a deceleration in the average annual rate of decline to fulfill the international biodiversity commitments and fisheries targets of maintaining populations at MSY and, when necessary, to halt and reverse declines and recover populations to the level that would generate MSY.
Estimation of the Average Annual Rate of Change and Extent of
Decline in Adult Biomass for Each Population. We estimated the average of the annual rates of change in adult biomass across all the years for each population using a generalized least-squares model of the form Y i = b o + e i . Y i , the dependent variable, is the annual (i) rate of change in adult biomass of each population; b 0 , the intercept, is interpreted as the average annual rate of change in adult biomass across all the years (Fig. S5A) ; and e i is the residual error. For these analyses, we used the raw time series of adult biomass of each population; therefore, the time series of each population differs in time coverage and time span (Fig. 1B) . We used maximum likelihood to fit all the generalized leastsquare models using the gls function in the NLME package in R (49) . We examined the residuals of all the models and corrected for temporal autocorrelation with AR1 and AR2 processes when necessary. In addition, we estimated the extent of decline for each individual population as follows: (1 − exp(b o ·n) )·100, where b o is the model estimated average annual rate of change for each individual population and n is the length of the time series of each individual population (Fig. S5B) .
Estimation of the Average Rate of Change in Adult Biomass
Within Species. Although we used mixed-effects models to perform a metaanalysis of population trends in adult biomass to estimate annual rates of change globally, within oceans, within the main taxonomic groups, and within distinct life history strategies, we did not use mixed-effect models to estimate the average rates of change within species, because the number of populations within each species was too low (a maximum of 4 populations per species). To estimate trends in the average annual rate of change of adult biomass from 1954 to 2006 within species, we first estimated the average of the annual rates of change in adult biomass from 1954 to 2006 for each population using a generalized least-squares model of the form Y i = b o + e i (SI Text, Section 3.2). Second, we combined the single population average annual rate of change estimated in the first step within each species using weights according to the inverse of the SEs of the estimates (Fig. S2A) . To estimate what percentage of tunas and their relatives are caught each year by fisheries, we used the matrices of fishing mortality at age over time for each population from the stock assessments. For each population, we then calculated the weighted average fishing mortality across all ages, using the abundances by age. We then estimated an average annual fishing mortality rate across all the populations (F overall ) by taking a weighted average of the average annual fishing mortality rates of each population, weighting them by the total number of individuals in each population. Finally, we used the estimated average annual fishing mortality rate across all the populations (F overall ) to calculate the annual percent removal of fish attributable to fishing using the Baranov catch equation, (F/(F + M))·(1 − exp(−(F+M))), where F is the instantaneous fishing mortality rate and M is natural mortality rate (Fig. 4B) . We estimated that fisheries currently catch around 10-15% of the tunas and their relatives each year globally (F 2003-2005 = 0.16 and using a natural mortality rate of 0−0.85; Fig. 4B ). The complete matrix of fishing mortality at age over time was only available for 21 of the 26 populations under study. The matrix of fishing mortality at age over time was not available, or harvest rates were provided instead, for the following populations: Pacific bluefin tuna, Japanese chub mackerel, Tsushima Current chub mackerel, and Southern bluefin tuna. Therefore, these populations were not included in the analysis. (Table S2 ). For the remainder of the populations, these reference points were either not estimated as part of the assessment process (some mackerel populations) or were considered highly uncertain by the assessment scientists and were not included (Pacific bluefin tuna and North Pacific albacore tuna). We define "overfished" to mean that the biomass of the population has been reduced to a level less than that which would provide the MSY (B < B MSY ) and "overfishing" to mean that a population is being subjected to a fishing effort greater than that required to produce the MSY (F > F MSY ), a definition used by the majority of the tuna RFMOs (50) . According to the biological reference points, the current status of the four Atlantic Spanish mackerels is healthy with adult biomasses above B MSY and current fishing mortalities below F MSY (Fig. 4A and Table S2 ). Among the 15 tuna populations with biological reference points, 8 populations are sustainably exploited with biomasses above B MSY and fishing mortality lower than F MSY . Only the West Pacific bigeye tuna is being subjected to a fishing effort greater than that required to produce the MSY. Four tuna populations, all temperate tunas, are overexploited, with current biomasses being below B MSY , and experiencing excessive fishing mortality rates (F > F MSY ). Finally, 2 tuna populations, the South Atlantic albacore tuna and Atlantic yellowfin tuna, are overfished with current biomasses below B MSY but are not experiencing overfishing (F < F MSY ). Therefore, three distinct exploitation categories are evident in the tuna populations (Fig. S6) . On one extreme, the "good" category comprises moderately exploited and successfully managed populations: West Pacific skipjack and South Pacific albacore. On the other extreme, the "ugly" category comprises the populations that are overexploited and managed poorly: Eastern and Western Atlantic bluefins and Southern bluefin. Finally, in the "fully exploited" category separating these two extremes, the majority of the populations circle MSY. The reference points of 2 tuna populations, the Pacific Bluefin tuna and the North Pacific albacore tuna, were considered highly uncertain by the assessment scientists and were not included. Finally, only 2 of the 5 mackerel populations had estimates of biological reference points. The Northeast Atlantic mackerel is considered healthy with current biomass at B MSY and fishing mortality rates lower than F MSY (51) . The current biomass of the Chilean chub mackerel is above B MSY , and the current fishing mortality rates are higher than F MSY (52) . The reference points B MSY and F MSY were not estimated as part of the stock assessment process for the Japanese chub mackerel and the Northeast Pacific chub mackerel. However, since 2003, there have been measures to reduce fishing mortality rates and recover the Japanese chub mackerel population to healthy levels (53) . For the Northeast Pacific mackerel, the exploitation rate is currently low. This fishery collapsed in the 1960s and recovered afterward. The current biomass still remains very low relative to its historical peaks because of a combination of historical fishing pressure and unfavorable oceanographic conditions (54) .
We would like to highlight that the current exploitation status of tuna populations and their relatives can be easily categorized according to their standard biological reference points, although it is important to take into account two points. First, there is uncertainty associated with the estimated reference points. Second, the reference points for the majority of tunas and their relatives, despite their assigned exploitation status, are roughly at MSY. Most of the populations are considered fully exploited; thus, the expansion of the catches in these fisheries is limited. (Figs. S4A and S5C ). These overexploited populations have also experienced a large extent of decline in total adult biomass, 84.8% since 1954 (Fig. S5D) . Second, there are 12 healthy populations, mostly tropical tunas and Spanish mackerels, that are healthy with biomass levels above target levels (B > B MSY ) and fishing mortality rates not exceeding F MSY (F < F MSY ). These healthy exploited populations have decreased at a rate of −1.1% y −1 (95% CI: −2.1 to −0.1) and have declined, on average, by 43.9% since 1954 (Figs. S4C and S5C) . The overall extent of decline in total adult biomass in these 12 healthy populations has been 42.8% since 1954 (Fig. S5D) . Finally, there are 6 populations of tunas and mackerels that either have biomasses below healthy levels or fishing mortality rates exceeding healthy levels but not both (B < B MSY or F > F MSY ). These populations have decreased at a rate of −2.1% y −1 (95% CI: −3.7 to −0.6) and have experienced an average decline of 67.7% since 1954 (Figs. S4B and S5C ). They have also experienced an extent of decline in total adult biomass of 58.7% since 1954, similar to that exhibited by the overexploited populations (Fig. S5D) .
We found that the link between the trajectories of adult biomass and their current management status remains at the population levels (Fig. S5 A and B) . However, there are some discrepancies between the trajectories of the individual populations and their current management status; populations exhibiting the largest declines are not always currently considered as being unsustainably exploited, and vice versa. First, two chub mackerels (the Chilean and the Northeast Pacific populations) have experienced the steepest and most variable declines, yet their exploitation statuses are not currently considered overexploited. In the case of the Chilean chub mackerel, the most recent current biomass (2006) was still considered within safe levels but close to unsuitable levels if the exploitation rates were not reversed (52) . For the Northeast Pacific mackerel, the exploitation rate is currently low because of the collapse of the important commercial fishery it once supported. Although the stock collapsed in the mid-1960s and recovered afterward, the current biomass still remains very low relative to its historical peaks as the result of a combination of historical fishing pressure and unfavorable oceanographic conditions (54) . Second, the South Pacific albacore is deemed healthy, despite having experienced one of the largest declines. The large declines may be partly spurious, attributable to a poorly fit stock assessment model resulting in overestimates of the adult biomass in the earlier periods (55) . Last, the current management status for the Eastern Atlantic bluefin tuna is overexploited, despite relatively small declines in adult biomass compared with the other overexploited populations. This may be attributable to a shifted baseline perspective, because the population estimates start only in the 1970s. The Eastern bluefin tuna has a long history of exploitation and mismanagement accompanied by substantial quantities of illegal, unreported, and unregulated fishing in recent history, which makes it difficult to estimate the historical population trajectory (56, 57) . Table S1 . Fig. S7 shows the time series of the annual rates of change (r i ) for each population. Abbreviations for population names: E., east; GOM, Gulf of Mexico; N., north; N.E., northeast; S., south; T.C., Tsushima Current; U.S., United States; W., west. . Abbreviations for population names: E., east; GOM, Gulf of Mexico; N., north; N.E., northeast; S., south; T.C., Tsushima Current; U.S., United States; W., west. , and populations of mackerels and Spanish mackerels (C). We converted the time series of adult biomass of each population to annual rates of change (r i ) as r i = ln(AB i + 1 /AB i ), where AB i is adult biomass in year i, to allow for nonlinear trends and reduce autocorrelation. The annual rate of change in adult biomass, r i , was the dependent variable in the analyses of biomass trends. The model-estimated average annual rate of change (brown solid line) and its CIs (shaded brown polygon) are also shown. Abbreviations for population names: E., east; GOM, Gulf of Mexico; N., north; N.E., northeast; S., south; T.C., Tsushima Current; U.S., United States; W., west. Table S1 . List of scombrid species (family Scombridae) with their maximum body sizes (cm fork length) and geographic distributions Table S1 . Cont.
Subfamily and Tribe
Latin name
Common name
Maximum size (cm)
Geographic distribution

Scomberomorus queenslandicus
Queensland school mackerel 
